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Thiiranation of 20-adamantylidene-9-benzonorbornenyli-
dene (1) with 4,40-dithiodimorpholine (5) in Ac2O at �15 �C
gave thiiranes 2 and 3 without the decomposition of the thermo-
dynamically less stable 3. cis- and trans-Cyclooctenes under-
went thiiranation with retention of their stereochemistry.

The introduction of sulfur-containing functionalities in or-
ganic compounds plays an important role in syntheses of useful
materials,1,2 because these functionalities induce a remarkable
character change in the compound.3 While thiiranation of al-
kenes, which is an important sulfuration method for introducing
one sulfur atom onto a C=C bond, has been investigated,1 a few
reports have dealt with the general methods.4 Most thiiranation
methods have problems such as difficulty in analyzing the reac-
tion mixture and synthesizing the thiiranation reagent, a lack of
generality when using alkenes, and decomposition of the result-
ing thiiranes to other compounds under the thiiranation condi-
tions. In our on-going study on synthesis and sulfuration of al-
kenes,5 we have designed a novel alkene to overcome these
problems, and synthesized 20-adamantylidene-9-benzonorborne-
nylidene (1), which is a model alkene suitable for investigating
the thiiranation conditions (Figure 1).6 Sulfuration of 1 with S8
gave a mixture of thiiranes 2 and 3 along with the recovery of
1, while that with SXCl2 afforded 2, 3, and 4. The thiirane 3 de-
composed to 1 and 2 with elemental sulfur, and to 2 and 4 with
SXCl2 under the sulfuration conditions. Recently, we revealed
that 4,40-dithiodimorpholine (5), which is a commercially avail-
able vulcanizing agent, and 4,40-tetrathiodimorpholine (6) acti-
vated by Brønsted acids, such as carboxylic and sulfonic acids,
were able to sulfurate 1 to form 2 and 3 at room temperature.7

Since the reaction was sluggish and the decomposition of 3 to
1 and 2 proceeded, the method seemed unsuitable for the thiira-
nation of alkenes. However, if 5 is activated with other reagents
efficiently, thiiranation with 5 would be more useful. We report
here the thiiranation of 1 with 5 and acid anhydride, the decom-
position of 3 under thiiranation conditions, and the thiiranation
of other alkenes.

A combination of 5 and acid anhydride was used for suc-
cessful thiiranation of 1 (Table 1). Thus, 1 reacted with 1.0 molar
equiv of 5 and 1.0 molar equiv of Tf2O, AcOTf, or (CF3CO)2O
in CH2Cl2 even at �30 �C to afford the thiiranes in good yields
(Entries 1–3). Both the thiiranation rate and the ratio of 2 to 3
seem to decrease as the reactivity of acid anhydride to a nucleo-
philic reagent decreases. The thiiranation with Ts2O was more
sluggish than with Tf2O, AcOTf, and (CF3CO)2O (Entry 4).
The thiiranation with 1.0 molar equiv of Ac2O, however, pro-
ceeded to form 3 in a very small quantity (Entry 5). Surprisingly,
when 1 reacted with 5 in Ac2O, the thiiranation occurred even at
�15 �C to give 2 and 3 in 14% and 84% yields, respectively
(Entry 6). On the other hand, when 0.5 molar equiv of 5 was
used, the thiiranation gave 2 and 3 in 15% and 52% yields, re-
spectively, along with the recovery of 1 in 22% yield, suggesting
that one or more sulfur atoms of 5 were introduced into 1 in the
thiiranation (Entry 7).

The thiirane 3 is thermodynamically less stable than 2 by
13.4 kJmol�1;6 thus, the reactions of 3, which are accompanied
by C–S bond cleavage, tend to produce 2 together with 1.7

Therefore, the decomposition of 3 was investigated to determine
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Figure 1.

Table 1. Screening of acid anhydride for thiiranation of 1
with 5

1
5

acid anhydride
2 + 3

Entry
Acid anhydride

5/mol equiv Conditions
Yield/%b

(molar equiv) 2 3 1

1 Tf2O (1.0) 1.0 CH2Cl2, �30 �C, 6 h 94 — —
2 AcOTf (1.0) 1.0 CH2Cl2, �30 �C, 9 h 76 8 —
3 (CF3CO)2O (1.0) 1.0 CH2Cl2, �30 �C, 24 h 75 8 4
4 Ts2O (1.0) 1.0 CH2Cl2, rt, 65 h 18c 26c 56c

5 Ac2O (1.0) 1.0 CH2Cl2, rt, 45 h — 3 92
6 Ac2O (excess)a 1.0 �15 �C, 40 h 14c 84c 2c

7 Ac2O (excess)a 0.5 �15 �C, 60 h 15 52 22

aAc2O was used as solvent. bIsolated yield. cDetermined by 1HNMR.

Table 2. Decomposition of 3 to 1 and 2 under the thiiranation
conditions

3 5 (1.0 molar equiv)
acid anhydride

1 + 2

Entry
Acid anhydride

Conditions
Yield/%b

(molar equiv) 1 2 3

1 Tf2O (1.0) CH2Cl2, �30 �C, 6 h — quant. —
2 AcOTf (1.0) CH2Cl2, �30 �C, 9 h — 94c —
3 (CF3CO)2O (1.0) CH2Cl2, �30 �C, 24 h 2 86 12
4 Ts2O (1.0) CH2Cl2, rt, 65 h 24 26 50
5 Ac2O (1.0) CH2Cl2, rt, 45 h — — quant.
6 Ac2O (excess)a �15 �C, 40 h — — quant.
7 Ac2O (excess)a �15 �C, 144 h — — 95c

8 Ac2O (excess)a rt, 42 h 10 41 49

aAc2O was used as solvent. bDetermined by 1HNMR. cIsolated yield.
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suitable thiiranation conditions (Table 2). The thiirane 3 decom-
posed with 5 and Tf2O or AcOTf to give a high yield of 2
(Entries 1 and 2). As (CF3CO)2O or Ts2O was employed, the
decomposition proceeded, but the recovery of 3 was observed
(Entries 3 and 4). The decomposition with 1.0 molar equiv of
Ac2O at room temperature did not occur (Entry 5). However,
3 did not decompose in Ac2O at �15 �C, indicating that the
aforementioned thiiranation of 1 in Ac2O at �15 �C proceeded
without the decomposition of 3 (Entries 6 and 7). A rise in the
temperature of the reaction in Ac2O to room temperature result-
ed in the decomposition of 3 (Entry 8).

Considering these results, the thiiranation performed in
Ac2O at �15 �C would provide the best results. Therefore, the
thiiranation of other alkenes was performed under these condi-
tions (Table 3).8 2,20-Biadamantylidene (7) reacted with 5 to
form the corresponding thiirane 8. cis- and trans-Cyclooctenes
(9 and 10) also underwent thiiranation by this method. Thus, 9
reacted with 5 under similar conditions to yield cis-sulfide
119,10a and the recovery of 9 in 9% and 22% yields, respectively.
The thiiranation of 10, which gave trans-sulfide 129,10b in 63%
yield, proceeded faster than that of 9 because of a difference of
their reactivity. In this reaction, small amounts of 10 and 9 were
detected in the reaction mixture by 1HNMR. These results indi-
cate that this thiiranation proceeds with retention of the configu-
ration of the starting alkene to yield the corresponding thiirane.
When the thiiranation of 9 was performed at 40 �C for 2 days,
an oily complex mixture containing no thiirane was obtained.

The thiiranation of 13–16 in Ac2O at �15 �C resulted in the
quantitative recovery of the starting alkenes (Figure 2). These
alkenes seemed to be less reactive than the aforementioned
alkenes. When the reaction temperature was elevated to 60 �C,
the reaction of 13 afforded 13 and 14 in 18% and 73% yields, re-
spectively, although the reaction of 14 resulted in the recovery of
14. Both reactions at 60 �C also produced elemental sulfur. On
the other hand, an oily mixture, which contained unidentified
compounds, was obtained in each thiiranation of 15 at room tem-
perature and that of 16 at 40 �C.

A possible mechanism of the sulfuration is as follows
(Scheme 1). Compound 5 reacts with Ac2O to form 17. Then,
17 undergoes a substitution reaction at its sulfur atom with 5

to afford 19 and 18, which acts as a thiiranation reagent similar
to 17. Alkene reacts with 17 or 18 to form 20, which then under-
goes nucleophilic substitution at the sulfur atom next to the pos-
itively charged sulfur atom to extrude the thiirane. The com-
pound 22, which acts as a thiiranation reagent, was also formed
in the substitution. The decomposition of the resulting thiirane
proceeds through 20 formed by the reaction of the thiirane with
17 or 18, and ring-opened carbenium ion 21. The isomerization
of 13 to 14 also occurs through 20 and 21.5d,6,11
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S. Weinkötz, J. Am. Chem. Soc. 1998, 120, 4861; W. Adam,
R. M. Bargon, W. A. Schenk, J. Am. Chem. Soc. 2003, 125,
3871.

5 a) J. Nakayama, Y. Ito, A. Mizumura, Sulfur Lett. 1992, 14, 247.
b) Y. Sugihara, H. Takeda, J. Nakayama, Tetrahedron Lett.
1998, 39, 2605. c) Y. Sugihara, H. Takeda, J. Nakayama, Eur.
J. Org. Chem. 1999, 597. d) Y. Sugihara, K. Noda, J. Nakayama,
Bull. Chem. Soc. Jpn. 2000, 73, 2351. e) Y. Sugihara, K. Noda,
J. Nakayama, Tetrahedron Lett. 2000, 41, 8907. f) K. Noda, Y.
Sugihara, J. Nakayama, Heteroat. Chem. 2001, 12, 625.

6 Y. Sugihara, A. Kobiki, J. Nakayama, Heterocycles, in press.
7 Y. Sugihara, H. Nozumi, J. Nakayama, submited for publica-

tion.
8 Typical experimental procedures for the thiiranation of alkenes

are as follows. To a stirred solution of alkene (1.0mmol) in
Ac2O (3.0mL) at �15 �C under argon atmosphere, 5 (1.0 molar
equiv) was added. After stirring at �15 �C, the reaction mixture
was added gradually to a cold aqueous LiOH solution. After the
mixture was diluted with Et2O, the organic layer was separated,
washed with H2O, dried over MgSO4, and evaporated. The
crude product was purified by silica-gel column chromatogra-
phy to afford the corresponding thiirane.

9 A. Ishii, M. Suzuki, R. Yamashita, Tetrahedron 2006, 62, 5441.
10 a) W. Adam, R. M. Bargon, Chem. Commun. 2001, 1910.

b) W. Adam, R. M. Bargon, Eur. J. Org. Chem. 2001, 1959.
11 Y. Sugihara, Y. Aoyama, J. Nakayama, Chem. Lett. 2001, 980.

Table 3. Thiiranation of alkene with 5 in Ac2O at �15 �C

Product (yield)a
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aIsolated yield. bA small amount of 9 and 10 was observed.
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